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Special Lighting Applications for Industrial 

Processes 



By JAMES M. KETCH, WALTER STURROCK and 
KARL STALEY 



This paper discusses several lighting installations where special 
design features were necessary in order to meet the requirements. 
These special applications deal particularly with inspection 
processes that are found in industrial plants where unusual 
visual tasks are encountered. Ten lighting principles which 
have specific application to these problems have been classified 
and, where possible, illustrated with photographs of actual 
installations. 

rtificial lighting is commonly considered as being necessary 



for interiors and exteriors at times when daylight is insufficient 



X A. and, in general, when designing an artificial lighting system, 
daylight is thought of as the ideal. In a well-planned system an 
attempt is made to duplicate it as closely as may be required in quan- 
tity, quality and color. For designing these artificial lighting systems 
a fairly well-established procedure is now in common use. 

In some instances, however, where unusual visual tasks are en- 
countered, it is necessary to design special equipments for those specific 
applications. Experience with such applications has demonstrated 
that artificial lighting can readily be controlled in quantity, quality 
and color and that it not only becomes more practical than daylight 
but also accomplishes results unobtainable from natural lighting. 
Particularly is this true where a directional beam, or a series of them, 
is required, or where a constant level of a given spectral quality of 
illumination must be maintained. 

Proper artificial lighting for industrial processes is an essential, 
primarily from the standpoint of permitting careful inspection 'of 
manufactured products. For different classes of products the prob- 
lems of inspection vary and, accordingly, the lighting requirements 
vary. To meet these requirements the value, flexibility and general 
adaptability of artificial illumination are well recognized, particularly 
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in view of the availability of a broad line of equipments which make 
it possible to obtain almost any desired type of light distribution, 
diffusion, and quality. Modern artificial illumination is very versa- 
tile and truly the tool of the inspectors and production engineers. 

The usual applications of artificial light to problems of inspection 
have, however, been made largely by raising the foot-candles of 
illumination with the increasing difficulty of the visual task. There is 
also a general feeling that if an existing lighting system is inadequate 
for the job, or that the flaws are not easily seen, the solution is to 
change the reflecting equipment, or to obtain more diffusion. The 
value of greater diffusion as it affects the ability to see details, reduce 
eye fatigue, and soften shadows is well known and, in general, its 
attainment is worth while. However, in the inspection field there are 
several other characteristics that are found to be equally as valuable 
as high levels and diffusion. 

The visual tasks of modern inspection are so many and diverse, 
and the best methods of using artificial light to satisfy those require- 
ments are likewise so numerous, and in some cases unusual, that it has 
been considered a worthwhile objective of this paper to classify the 
more important lighting methods, and to explain their applications 
to several difficult visual tasks. 

Recognizing the various properties of both reflected and transmitted 
light, or radiant energy, the authors have enumerated ten principles 
for using them. These principles cover foot-candles, color, quality, 
diffusion, direction, etc., as related to general classes of flaws, defects, 
and imperfections. 

( I \SSIFK A HON OF LIGHTING PRINCIPLES 

(/ 1 llumiiuition Level: 

Seeing if a function of four factors: the brightness of the object 
seen, the (ontrast between any detail and its background, or any 
object and its surroundings; the size of the detail; and the time avail- 
able, or necessary, for seeing. These factors are significant in the 
problems of inspection encountered in many industries today. Some 
of the problems are caused by the relatively low reflection factors of 
the materials used ; some are contrast difficulties, such as scratch marks 
on (datively dark surfaces; in many industries size is important and 
would include the precision necessary for small parts assembly and 
fof other delicate mechanical adjustments. With regard to the ele- 
ment of time, the workman may either have to meet the speed set 
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by a progressive assembly or machining process, or he may be working 
independently and be able to determine for himself the time neces- 
sary for a given operation. However, when time can be saved for 
any visual task by controlling the lighting, the benefits accrue to 
both employer and employee. The one obtains a greater production 
for each dollar spent; the other benefits in a conservation of nervous 
energy spent in the day's work. These factors are explained in more 
detail in papers by Luckiesh and Moss. 1 They have shown that in 
general the relation between foot-candles and benefits in seeing is 
logarithmic, so that a table based upon approximately equal steps of 
foot-candle effectiveness would show the steps increasing logarith- 
mically in which the foot-candle intensity of each step is approxi- 
mately double that of the previous one. 

A foot-candle table arranged on this basis includes intensities that 
are much higher than those now in general use. And while such 
levels may seem impracticable, they can be easily and economically 
obtained by general lighting of a medium intensity supplemented by 
auxiliary lighting units located and directed to cover smaller areas. 

The principles of lighting design are those commonly employed for 
the design of general lighting systems which give special attention to 
the spacing and mounting height of the luminaires, and to the selec- 
tion of the type of reflecting equipment. 

In general, good diffusion, and a reasonably even illumination 
on the work, as effected by the spacing-mounting height ratio, is 
desirable. Some jobs require a very high degree of diffusion, such 
as can be obtained only by special luminaire design; others will require 
no more than that obtained from standard commercial reflectors. 
The amount of diffusion and brightness of the luminaire that are 
desirable for the inspection of highly polished objects depends upon 
the area of the object. For small objects, such as needles, a clear 
lamp in an open reflector would furnish proper diffusion; for 
inspecting polished objects the size of razor blades and roller bearings 
a greater diffusion, such as would be produced by frosted lamps or 
stippled cover plates, would suffice; objects up to a foot in diameter 
should have brightnesses no greater than that of white bowl lamps in 
open reflectors, or glassteel diffusers; larger areas, such as tin plate, 
sheet aluminum, etc. that require the reflection of the luminaire 
brightness over a comparatively large area should employ special 
equipments for obtaining large areas of low brightness. 



I Trans. I. E. S., Vol. XXV. Pages 15 and 807, and Vol. XXVI, page 1061. 



4 



SPECIAL LIGHTING FOR INDUSTRIAL PROCESSES 



Fig. 2 illustrates the lighting system in a plant manufacturing 
polished plate. The lighting units are of a special design to provide 
a low-brightness source for reflecting in the surfaces of the polished 
plate. These units are made of aluminum and are trough-shaped, as 
shown in Fig. 3. Each is equipped with five 750-watt lamps. The 
bottom of each unit is covered with ordinary white tracing paper to 
highly diffuse the light and eliminate the hazard which would be 
present if diffusing glass were used. Each unit is 10 feet long and 3 
feet wide, and is mounted 42 feet above the floor. To facilitate lamp 
renewals, the units are suspended on disconnecting hangers for raising 
and lowering, and the individual lamp sockets are installed on small 
removable discs. 

The applications of high-intensity lighting are many and include the 
inspecting of practically all types of objects for accuracy of machining, 
shape, contour, form, location, assembly, adjustment, size and contrast. 

Fig. 4 illustrates an application of high-intensity lighting from 
luminaires located and directed to permit the delicate adjustment and 
inspection of armature type relays. The small relays are mounted, 
ten in a group, on frames 24 inches long. A trough-type lighting 
unit, 30 inches long and 6| inches wide, gives excellent distribution 
of light over the entire length of the frame. Each unit is equipped 
with four 50-watt Mazda lamps and a white diffusing glass cover plate. 

(2) Color and Spectral Quality of Light: 

The appearance of a colored object is influenced by the spectral 
quality of the illumination under which it is viewed. Accordingly, 
certain inspection processes that include the matching of colors require 
a careful selection of the light source as regards its spectral quality. 

Much weight has been given to the use of a north skylight quality 
of illumination as a standard under which to match colors; likewise, 
much has been said regarding noon sunlight and average daylight. 
The color of daylight, including all of its variable colors with time of 
day and year, can be closely matched by artificial illumination employ- 
ing suitable absorption screens. It would be presumptuous to say 
that any one color quality in the range available was best for inspection 
purposes because — and in spite of theoretical consideration — much 
depends upon the individual preferences of the inspectors as well 
as the character of the materials and colors being inspected. 
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Fig. 3 — Design of lighting units used in installation, Fig. 3 
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In the application of spectral quality of light, there appears to be 
two very definite problems: 

(1) The matching and duplication of colors or tints with that of an estab- 

lished standard on a production basis in the factory. 

(2) The determination and selection of colors for materials that are to be used 

under lighting conditions unlike those under which they are produced. 

For the first problem, whatever the spectral quality of illumination 
— daylight lamps, noon sunlight, or north skylight — is used for the 
inspection of colors on a production basis, one important element is 
the constancy of intensity and quality of that source. Under a 
constant quality and quantity, very uniform results of inspection can 
be expected after the inspectors have established their criteria of 
judgment. This is usually satisfactory for production and routine 
processes. 

A more difficult problem would obtain if a color match throughout 
the spectrum w r ere required between two materials. Taylor in the 
discussion of his paper 2 pointed out that where such a match is to be 
made, it is not always sufficient to make a color match under one 
source of light. Rather, it would be desirable to supplement color 
matches under artificial or natural daylight, with similar matches 
under light sources producing spectra of a different type. If the color 
match continues to exist under these two sources, it would be safe to 
say that the two objects were matched throughout the spectrum. 

The second problem, that of appearance, applies to materials which 
are manufactured, purchased, or inspected under one color of illumina- 
tion and which may be used under illumination of a different color 
and intensity. Regardless of the quality of lighting used for color 
matching the objects on a production basis, some thought should be 
given to the intensity and color of light under which judgment is passed 
as to their color effectiveness in service. Dress materials selected 
for brilliancy in natural daylight may lose that brilliance under the 
artificial light of the ballroom; automobile colors selected under ordi- 
nary artificial light may appear quite different on the road at noon. 

The color-correcting lighting system can be obtained either by 
means of a general or group system of spacing, or by local units. 
Any of the several qualities of artificial daylighting can be applied in a 
general, or a group system but, because of the high absorption of light 
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necessary for duplicating north skylight quality, the more economical 
plan is to employ daylight lamps and noon sunlight equipments for 
general and group lighting, and to use the north skylighting equip- 
ments for local applications over relatively small areas. 

For any given intensity of illumination, more wattage must be 
expended when using color-correcting equipments than with those 
having no color correction. Based on laboratory tests of commercial 
equipments, Table I gives the wattage multiplication factors necessary 
to obtain equal intensities with color-correcting equipments as com- 
pared with that required for an unmodified quality of illumination. 

TABLE I— Multiplication Factors for the Wattage Necessary to Obtain 
Equal Intensities of Illumination with Color-correcting Equipments 
—Based on the Wattage of Clear Lamps in Standard Reflectors 

Clear Lamp in Reflector, No Color Correction 1 

Daylight Lamps, Standard Reflecting Equipment 1 .5-2 

Reflectors with Noon Sunlight Globes 3-4 

Reflectors with North Skylight Plates 6-8 



The places for color-corrected lighting are many, typical of which 
are: dye houses, and plants weaving color textiles; tile, paper, and 
paint factories; and commercial establishments where the materials 
matched, purchased, or graded should have the same appearance as 
under daylight conditions. Fig. 6 illustrates another important ap- 
plication of color-corrected light in a printing plant. 

(3) Direction of Light — Luminaire Position: 

Surface flaws; irregularities in surface shape; and small flaws such 
as pits, scratches, and cracks in materials are usually seen most easily 
by lighting which controls the direction of the light beam or the loca- 
tion of the source. 

Small flaws on matte and non-specular surfaces are shown by the 
shadows cast from a beam of light striking the surface obliquely. 
The shadows may also be accentuated by the high-lights produced on 
the rounded edges of the irregularities nearest the light source. Many 
standard systems of lighting not particularly designed for this type 
of inspection produce these effects unintentionally because of the 
position of the work with respect to, or the nearness to, a light source 
in the work area. In general, the best lighting conditions for seeing 
small surface flaws on non-polished materials are produced by a 
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FlG. 6 — Five hundred watt noon sunlight UllitS OH 10-ft b] 10 ll IfMLCing flf OVidf I ptMftJ illumi « 
nation of 18 foot -candles of sunlight quality. Ninety foot candkl of north -kylik'ht quality illumina- 
tion is obtained on the press rei eivinn hoards and make up table- from nor Hi 4 V \ lu-ht unil 




B C 




Fig. 7(a)— The diagonal -cratch on the cylinder is revealed under lighting directed to ca«t I I W - 
shallow without specular retlection toward the eyes 

^ — Because of the lack of shadows, t hi- defect cannot be readily MCI unde' (fifOM illumination. 
(c)--When rejected Lilare is present flaws may bf W WiM . 
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Fig. 8 — Whorls or distortions in the reflected black strip help to locate the small dents and dings in 

polished surfaces. 




Fig. 9— Irregularities in contour, such as may occur in any flat glossy surface, can be detected by 
the wavy appearance of the black strip reflected in it. 




Fig 10— A comparison of the reflected strip in the perfect mirrored glass surface at the left, with that 
in an imperfect surface which contains scratches and polishing marks. 
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luminaire with little diffusion, which is properly positioned to east the 
shadows ami high-lights. If the material is at all polished the light 
source should he positioned probably to the right or left of the line 
of vision to relieve the in^[>ectors from any specular reflection which 
would be un< omfor t a Ue and which might actually conceal small 
flaws. Tig. 7 shows photographs of some of these effects on a small 
mai hined iron < v linder. 

Another appli< at ion thai rrfjiun^ careful [>osi tion ing and control ot 
thf n-i!r< tion of the lighl source is for the inspe« tion ot highlv [>olishl ! 
surfaces for small Haws and irregularities lien: the reflected image 
ot the light source itself is taken ad v li >t age <>f. Theluminaue diould 
l>e located so that its relle< tion i an be -em in the work and ■ i 
large enough to < over the area being in spe« ted If-, brightness must 
he low so that it is neither urn omfortable nor »on« eaU the flaw 
he seen. Small specular areas ian utili/e brighter * nines than lar^ 
ones as suggested in a pre< eding paragraph 

'I he inspection of l.irge polished or gl« i n es su< h a - . hromium, 

aluminum, tin, glass, tile, paper, celluloid, etc., for surface im|**rl 
tions is usually fac ilitated bv looking .it the images <>t hghf and 'lark 
bands reflected in them These im per h t 1 1< .n ^ CM be detected i" 
follow ing manner : 

1 Dents, din^s, vnN, vU .. » .in he Im atrd hy whorU or <ii*tortmnt in tht 

bMdi I F% X). 

2 Irregularities in CCetaef, Kitf. 9, ;irr rrvr.iU-il hy i hiini<r* in < urvituft of 

i lu- hands. 

It is es|>e< iallv eas\ to hnd such imperfet Hons when there is a move- 
ment ot the line or band a< ross the surfai e sin h a> might be pi . 
bv a movement of either the piece being mspe< ted, or the in^|»e« r..r s 
head. Scratch marks, and tlaws in the grinding and [*>lishing of the 
metals preparatorv to plating, Kig l<>, show up small hairdine 
distortions or wa\ iness in the edges oi the retlei ted bands 

A practical application of these principles is illustrated i. i 
which shows the bodv finish inspeition « . • of the COOVevor line 
in a large automobile plant Because of the position and location of 
the surfaces to be inspected, it is necessarv to place light sources at the 
tloor in addition to those at the ceiling 

Translucent materials, such . pu[>er, an be 

inspected by both reflected and transmitted light However, the 
actual lighting necessarv will depend u|>on the limits within which 
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product must check with the standard set for some specific purpose. 
For example, ordinary window or sheet glass does not demand the 
thoroughness of inspection necessary for plate glass; the former is 
adequately inspected by reflected light, while the latter demands a 
more careful inspection by placing the glass plate between the inspec- 
tor's eyes and a suitable light source. 

In a large sheet-glass manufacturing plant the glass was inspected 
and cut into smaller sheets in front of windows under natural daylight. 
The glass which was in sheets approximately 40 inches x 80 inches in 
size, was placed in a horizontal position on a table with a black felt 
top. The inspector's position was such that he could get the reflected 
image, in the glass, of the sky through the window. The black felt 
background provided a constant background against which the glass 
was graded and at the same time practically eliminated any light that 
might otherwise be reflected back through the glass, or appear to the 
inspector as transmitted light which would be annoying to him rather 
than helpful. 

Inasmuch as natural daylight was depended upon to provide suitable 
lighting, much time was lost in this plant during the early morning and 
late afternoon hours on dark days; even during the hours when the 
lighting appeared adequate, it was continually changing in quantity. 
As a result of this variation in light, the records of the plant showed 
that on the darker overcast days a higher percentage of their product 
was actually placed in the "A" quality grade because certain defects 
were not readily detected under the lower illumination. 

The solution of the problem would be to use a large artificial light 
source which, if desired, could be made of the same size and shape as 
the part of the window through which natural daylight is used. Such 
an artificial source would consist of a large box about 3 ft. wide and 4 
to 6 ft. long, with a sufficient depth to permit a fairly uniform distribu- 
tion of light of low brightness on a milk white glass, or paper, front. 
Experimental work with the inspectors indicated some differences of 
opinion as to just how bright the diffusing glass or paper front should 
be but, in general, it was thought that an agreement could readily 
be reached and thereby standardized on a uniform source under which 
to inspect sheet glass. With equipment such as this, natural daylight 
would not be required and, as a matter of fact, its presence would be 
objectionable. The elimination of daylight did not meet with favor 
in the particular plant above referred to, but experiments were being 
made with artificial windows which were to be hung in the present 
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window casings and swung into place during the hours when daylight 
was inadequate. With this arrangement daylight lamps would be 
used in the equipment so that the artificial illumination would more 
closely approximate daylight in color. No information is available as 
yet regarding the results of this experimental work, but it has promise 
of being a great improvement over the past practice. 

(4) Diffusion: 

While lighting engineers have long realized the value of diffusion 
in lighting and have put it to good use, it has been applied more be- 
cause of its quality characteristics — protection to eyesight, the elimina- 
tion of glare, and the softening of shadows — than because of its 
application in producing reflected images in polished metal surfaces. 

It is especially difficult to see certain defects that appear in many 
polished or plated metal surfaces under good standard interior light- 
ing, or even under good natural lighting, because the mirror-like 
surfaces which faithfully reflect every light source, difference of bright- 
ness in the interior, and images of walls, windows, and machines, 
conceal the flaws that must be seen. Some of the more important 
defects, such as those caused by inadequate plating, appear as very 
slight color differences. 

Chromium, for example, is usually plated over nickel. The former 
has a blush tint; the latter a yellowish one. These color differences, 
w T hich are almost undiscernible in newly plated pieces, would find little 
objection if those color differences remained unchanged. However, 
when the unprotected nickel tarnishes and the chromium does not, 
the color difference becomes very apparent. Again, when buffing 
pieces that are nickel-plated on brass, the wheel may cut through the 
plating on a corner, or high spot, to the brass base. Since newly 
buffed brass is almost as white in color as nickel, the spot which is 
cut through is hard to find and it is often weeks later that the brass 
darkens and shows the spot to a great disadvantage. To a lesser 
degree the same inspection problem occurs where nickel is plated on 
copper, or copper on iron. 

The above difficulties are typical in the entire plating industry, and 
there are many unsatisfactory plating jobs being turned out today 
because the inspection is done under standard lighting conditions 
and without due respect for the difficulty of the visual task. 

The best lighting for this job obtains under complete diffusion — 
diffusion such as would be obtained if the inspector could work on the 
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inside of a huge opal glass ball lighted from the outside. While that 
is impracticable, an approach to that ideal can be made by some of 
the methods outlined by Ketch 3 several years ago. 

The experimental method described in his paper consisted of a half 
cone of diffusing material, built into a box containing lamps to light 
the cone from the outside. The inspection was done inside of the cone. 
Recent applications of this same lighting principle have been made in 
larger booths and tunnels, such as is illustrated in Fig. 12, in which 
one or more men carry on inspection work on polished and plated 
metals. The objective in lighting effect is common in the design of 
all: complete diffusion, as few differences of brightness as possible, 
and no high brightness images to be reflected in the surface. Both 
unmodified and daylight quality sources of light have been used 
satisfactorily; however, the preference of most inspectors seems to be 
for an illumination that approaches daylight in color quality. 

While the detection of color differences is of first importance in the 
inspection of plated metal parts, there are other surface imperfections 
of a different character such as pits, blisters and wheel marks that 
may be of such a magnitude as to be objectionable. Highly diffuse 
illumination as used in the above-mentioned booths and tunnels is not 
the best for detecting these imperfections, and, furthermore, as 
previously discussed, complete diffusion tends to conceal rather than 
reveal them. This difficulty can, however, be readily overcome so 
that the same booth can be used for the general inspection and detec- 
tion of flaws of every character by adding black bands to certain 
areas in the background of the booth. Also where there are straight 
lines dividing differences of brightness, such as on the ceiling of the 
booth shown in Fig. 12, these lines assist in the detection of such 
surface imperfections. 

(J) Projection and Magnification 

In the laboratory and elsewhere one often finds work being done on 
such small objects that careful inspection can only be made by magni- 
fying them. The watch-repair man has his eye-piece; the physicist 
his microscope, and the index of magnification necessary depends not 
alone upon the initial size of the object, but also upon the amount of 
light available to assist vision. Many microscopes have small light 
sources built into them to provide sufficient light of the proper direc- 



* /. E S. Tram., XXI If, p. 639. 



SPECIAL LIGHTING FOR INDUSTRIAL PROCESSES 



15 




SPECIAL LIGHTING FOR INDUSTRIAL PROCESSES 




SPECIAL LIGHTING FOR INDUSTRIAL PROCESSES 



17 



tion and spectral quality. In general, these instruments are for 
laboratory use where detailed studies are made, rather than for 
factory inspection work where it is desired to detect only one or two 
defects of a certain definite character. The actual design of magnify- 
ing equipment adaptable to factory work will depend upon the kind 
of inspection necessary. For example, in a lamp factory the winding 
machines for coiling the fine hair-like tungsten filament wire are 
each equipped with a focusing type microscope to make it possible to 
see the wire as it is wound on the mandrel. On the other hand, when 
the individual coils are inspected on a production basis for irregulari- 
ties in shape, spacing, size, and freedom from foreign substances, 
it would be a laborious job to use an ordinary miscroscope. This 
inspection work is greatly simplified by projecting the magnified 
image of the wire coil onto a screen. The assembly of a projection 
equipment and objective lens system is shown in Fig. 13. An actual 
installation of the equipment is shown in Fig. 14. When using this 
equipment a group of wire coils is placed on the glass plate, and each 
one individually slid across the plate through the beam of light. 
Because the projected silhouette is many times the actual size of the 
coil, any irregular shapes or improper spacings can readily be detected. 
Similar equipments can be employed for the inspection of production 
machine parts where accuracy in size and shape is essential. Typical 
of this application are the machines now in common use for projecting 
an enlarged silhouette of a gear tooth onto a profile chart, and for 
watching the meshing of these production gears with a perfectly cut 
standard. 

{6) Refraction 

The principle of refraction is applied particularly to the inspection 
of clear transmitting substances such as plate glass and certain other 
glass products. This application is very similar to that used for the 
inspection of surface flaws and aberrations in polished surfaces, 
i The same type of light source — dark strips against low brightness 

backgrounds, or rectangular shaped box luminaires located at strate- 
gic points — can be used. The dark strips, or lines dividing the light 
and dark areas of the boxes are distorted by refraction through the 
glass, and thereby disclose the location of the flaw. The best condi- 
tion obtains when either the head of the inspector, or the material 
being inspected, is moved. 
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The results obtained from a recent experience in the inspection 
department of a large plate-glass factory will illustrate the practical 
application of this principle. It was found that the accuracy neces- 
sary for inspecting polished plate glass is a great deal more precise 
than that for sheet glass. Certain undesirable defects are readily 
observed under reflected light, while others are detected more quickly 
by refraction when using a lighted background. 

In the early stages of our experimental work in the plate-glass 
factory, it was recognized that we must have an experienced glass 
inspector to guide the work and to draw the conclusions. Arrange- 
ments were made, therefore, with the manufacturer to have their chief 
inspector spend several days in our lighting laboratory where we 
could set up, and he could compare, different lighting schemes while 
inspecting typical plates of glass. Assisted by the practical assistance 
given by the inspectors, and by earlier experiments in the plant, 
the laboratory experiments confirmed the fact that the most difficult 
flaws to discover could be most readily found by refraction of the 
light transmitted through the glass rather than by the light re- 
flected from the surface, or by a combination of the two. Also, 
since no objectionable flaws were made unobservable by transmitted 
light, this was the basis on which the experimental work was con- 
tinued. To carry out the experiment a box 4 ft. square having a 
white diffusing glass cover plate was constructed. Lamps of any de- 
sired size could be placed behind the glass to provide a uniformly 
lighted panel of various brightnesses. With a sample glass plate in 
position, this light source was unsatisfactory for inspection, except 
at those sections where the glass plate was viewed in a line with the 
edge of the box. This indicated that it was necessary to have a com- 
bination of light and dark areas against which the inspector could 
alternately view the glass plate. 

The next problem then became one of determining the proper ratio 
between the size, and shape, of the light and dark spaces. Fig. 15 
shows black strips of cloth across the front of the luminous box. 
By rearranging these cloth strips various combinations were readily 
obtained. Also, the sizes of the lamps in the box were varied to 
provide a range in brightnesses. From this experimental work the 
following conclusions were drawn regarding a lighting equipment 
suitable to permit the proper general inspection of plate glass: 

1 . The glass should be viewed against a combination of light and dark areas. 

2. The light source must be comparatively low in brightness — not over 4 

candles per square inch. 
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Fig. 20— Detailed inspection of plate glass for mirrors 
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3. The light source should preferably be rectangular in shape with a width of 
5 inches to 6 inches and a length of 24 inches to 30 inches. With a unit 
of this size the width of the dark spaces between the units should be of 
the order of 2 feet to 3 feet. 

In order to eliminate all extraneous light and recognizing the 
practical problems involved in the factory, the plate-glass company 
had already decided to construct inspection booths as illustrated in 
Fig. 16. The booth is 19 feet wide and 18 feet deep; the aisle 
for the inspector is 7 feet wide. This illustration shows the supports 
on both the right and left for the large glass plates. Fig. 17 shows 
the right side of the booth, and illustrates the recommended arrange- 
ment of lighting units on the wall approximately 6 feet behind the 
support for the glass plate. Eight trough-shaped units are employed, 
each one being 30 inches long and equipped with four 75-watt Mazda 
lamps. Fig. 18 is a view of the left side of the booth which shows a 
glass plate in place which has been inspected and marked for cutting. 
The supporting framework for the glass plate can be raised or lowered 
to bring the glass area between the eyes of the inspector and one or 
more of the lighting units. Figs. 19 and 20 show other views in the 
plate glass factory where the special trough-type units are used for 
more careful and detailed inspection of the glass plates. 

(7) Internal Reflection 

Some of the flaws common in transparent substances are bubbles 
and fire cracks which can be easily seen by the light reflected from the 
flaw itself. The exterior of a bubble in a glass jar, for example, 
becomes a convex mirror which will reflect an image of a fairly sharp, 
and bright, light source to the eye. Fire cracks are hard to see 
because of their small size; the two sides of the crack, however, act 
as mirrors which reflect an image of the light source, especially if the 
source is of high brilliancy, such as a clear 2 00- watt lamp in a deep- 
bowl reflector, and located close to the object. Here again the object 
being inspected should be moved or rotated while the inspector 
watches for the bright reflections that disclose the flaw. 

A modification of the above principle is one where objects for some 
reason or other are viewed while under water. One usually has 
difficulty in seeing objects under water because of the reflections of 
the light source in the water surface, hence for problems of this nature 
it is best to locate the light sources beneath the surface of the water in 
order that disturbing reflections may be eliminated. It is well known 



22 



SPECIAL LIGHTING FOR INDUSTRIAL PROCESSES 




fofi omaamoBi 

UOHT SQUfiCf 



Section 

Fte. 21 — Plan of underwater lighting in the inner tube inspection tanks of a rubber tire manufacturer 



that the bottom of a swimming pool can be viewed more readily 
when under-water lighting equipment is employed than when over- 
head units are used — likewise with other objects. 

An example of this type of lighting is found in an automobile tire 
manufacturing plant where inner tubes are inspected for air leaks by 
passing them, when partly inflated, through a tank of water. The air 
bubbles are immediately detected by reflected light when the lighting 
equipment is placed under the water. The sketch, Fig. 21, shows 
the arrangement of lamps in the tank with respect to an inner tube 
and the water level. The authors wish to give credit to Ward Har- 
rison for initiating and developing this idea. 



(8) Polarization 

St rains in glass caused by poor annealing are disclosed bv looking 
through the area under question at a source of polarized light. The 
strained areas appear as slight color fringes in the glass. 

(P) Ultra-iiolct Radiation 

The application of ultraviolet radiation for inspection work is, as 
yet, relatively undeveloped, although its fluorescent effect upon certain 
chemical compounds and organic substances is well known. 

Commercial ultraviolet equipments, rated as strong sources, can 
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be modified to produce fairly pure ultraviolet radiation with little 
visible light when equipped with suitable screens. In an otherwise 
dark room, many erasures and changes in signatures and figures, and 
changes and forgeries in legal documents can be detected by a source 
of radiation of this nature. 

The distribution, intensity, and uniformity of ultraviolet sources 
can be controlled and are, therefore, more satisfactory than natural 
sunlight for testing the permanency of dyes, paints, inks, oils, resins, 
and varnishes. Experiments tend to indicate that other practical 
uses will be made of ultraviolet radiation such as the detection of 
small amounts of ultraviolet-sensitive substances in organic mixtures, 
and uses made of the photochemical, fluorescent, and phosphorescent 
effects upon certain compounds. 

(10) Photoelectric Tube and Photronic Cell 

With the rapid development of photoelectric tubes on a commercial 
basis, and the recent introduction of the photronic cell, we now have 
at our command the means for the automatic inspection and grading 
of products by their light output, reflection factor, or transmission 
factor. 

The photoelectric tube operates by light which, falling on a sensitized 
cathode, causes an electron emission that allows a current to flow. 
This current is proportional to the light flux but, because the current 
is of a low order, amplification is usually necessary if it is to be large 
enough for practical use. 

There are limits to both their sensitivity and time for operation. 
W. R. King 4 states that the a.c. photoelectric relay operates on light 
changes of the order of 40 to 50 per cent, and may be successfully 
operated with light intensities as low as 10 foot-candles; that is, with 
an illumination of 10 foot-candles the contactor of a relay system is 
open, but if the light is decreased to five foot-candles the contactor 
will close. The d.c. photoelectric relay may be operated by an 
illumination change of about two foot-candles, this value remaining 
practically constant between five and twenty foot-candles. 

The photronic cell such as is now used with a recently developed 
illumination meter also has possibilities for inspection purposes since 
the cells can be used in groups to build up higher current values. 



■ International Electrical Congress, Paris, 1932. 



